Absorption cross-sections for HNO3 fld N205 have been measured in the wavelength region 220-450nm, using a dual I,eam diode array spectrometer with a spectral resolution of O.3nm. The results for both compounds are in good agreement with recommended values at room temperature. Cross-sections of both HNO3 and N205 show a marked reduction with decreasing temperature in the range 295-233K.
Nitric acid and nitrogen pentoxide are important reservoir compounds for stratospheric nitrogen oxides. HNO3 is formed in the reaction ofthe hydroxyl radical with NO2 and by the reaction ofN2O5 with water which can occur on the surface of PSC's and aerosol particles. N205 is formed in the termolecular reaction between NO2 and NO3 . Both compounds sequester stratospheric NOR, and consequently they play an important role in determining the length of time over which high levels of active chlorine compounds are available for ozone destruction in the low stratosphere during polar winter-time. 1 The release ofNO from HNO3 and N205 occurs mainly by photodissociation: HNO3 + hu =OH + NO2
(1) N2O5 + hu = NO2 + NO3 (2) In the stratosphere, ozone absorption strongly attenuates solar radiation in the spectral region 220-290nm. As a consequence the photodissociation of HNO3 and N205 is caused principally by light of wavelength around 200nm at high altitudes (above 30km) and at wavelengths longer than 300nm for photolysis in the lower stratosphere (below 20km).2 It is in these spectral regions and at temperatures typical ofthe low-stratosphere that it is particularly important to know the absorption cross-sections of HNO3 and N2O5.
There have been few previous investigations ofthe cross-sections ofthese species. Currently recommended values3'4 are taken from work by Molina and Molina5 for HNO and Yao et a!.6 for N205. The recommended data for HNO3 are in good agreement with the earlier results of Biaume2 and Johnston and Graham except in the long wavelength tail ofthe absorption where uncertainties are rather large. There are no previous reported studies of the temperature dependence ofthe 1*403 cross-section. Values ofcross-sections for N205 presented in [6] are higher than those in the previous studies8'9. The only temperature dependent measurement of cross-sections for N205 is reported in [6] and the data show large scatter in the wavelength region above 340mn.
We have re-investigated the ultraviolet absorption spectra of HNO3 and N205, with particular emphasis on measuring the temperature dependences of the cross-sections in the longer wavelength regions.
2.Experimental

Apparatus
Absorption cross-section measurements were made using a dual beam diode array spectrometer. A collimated beam from a deuterium lamp (Bamamatsu 30 watt, L 1636) was passed through a beam-splitter (One! Scientific) and the two beams collected in optical fibre couplers either directly (reference) or after passage through the reaction cell (sample). The reaction cell, Im in length, consisted oftbree quartz envelopes and cell temperature was regulated between 230-300K by the therinostafted circulation ofethanol between the inner and central envelopes. At low temperatures, condensation on the optical faces was prevented by the evacuation ofthe double ended window assemblies.
The light beams from the two optical fibres were directed one above the other into the inlet slit (500pim) of a Czerny-Turner 275 mm spectrograph (ARC, 'Spectrapro') g a fibre optic adapter (Princeton Instruments OFA 1.5). The spectrograph contained three interchangeable gratings mounted on a turret. Generally, a 600 g/mm grating (giving a dispersion ofó nm/mm) was used for the current study. The detector consisted oftwo 512 channel unintensified silicon diode arrays (Reticon), mounted one above the other in a cooled, evacuated, housing. The array length was 12.5 mm giving a full spectral coverage ofapproximately 75nm and a diode resolution of 0. 15 nm with the 600g/inm grating. The detector was controlled by an SI-180 0-SMA detector controller (Spectroscopy Instruments GMbh) incorporating a 14-bit ADC coupled to a Dell 316 SX PC. Control software was used for calibration and linearisation ofthe wavelength scale, background light subtraction, signal averaging and calculation of absorbance using the reference spectrum to correct for changes in the source lamp intensity.
Infra-Red spectra were recorded in an Scm Pyrex cell with NaCI windows. The windows were coated with a polymer ('Paralene' C, Novatran) which was resistant to chemical attack by HNO3 and which transmits in the wavelength ions of interest. A Nicolet 205 FTIR machine was used for the recording of infrared spectra with a resolution of 2cm
Gases were introduced to the sample cells from a conventional vacuum line fitted with Young's greaseless taps. Pressures within the cell were measured with calibrated 100 and 1000 torr Baratron Gauges (MKS).
Preparation of samples.
N205 was produced by the reaction ofa stream ofNO gas (B.O.C. special gases) with a flow of ozonised oxygen produced by the action of a discharge ozoniser (Argentox GLIO) on a flow of 02 (Distillers M.G.). NO was dried by passage through a trap at 213K and the ozone flow was dried by traps containing silica gel and P205. The apparatus was pumped down overnight and passivated with N205 before the product was collected. White crystals of N2O5 were collected at 213K and any unreacted NO or NO2 was oxidised by trap to trap distillation in a flow of 02/03. The purity ofthe collected N205 was measured using the FTIR spectrometer (discussed below) and was typically 85% for the first gaseous sample taken from the product.
HNO3 was prepared by vacuum distillation ofa 3:2 mixture ofpreviosly cooled sulphuric acid (98%) and nitric acid (70%) held at 273K, into a trap cooled to 203K. White crystals of HNO3 were collected, distilled, and stored in liquid nitrogen. NO2 (Cambrian Gases) was mixed with N2 (Distillers MG) to give a sample suitable for producing NO2 reference spectra in the ultraviolet region. The composition ofthese mixtures were established using the recommended absorption cross-sections for NO2 at room temperature3
PUrity of samples
The major impurity in the HNO3 was found to be NO2. Typically the quantity ofNO2 was ofthe order of 0.5% ofthe total sample, even so this accounted for about 50% ofthe total absorbance at 320 nm. N205 samples were contaminated with NO2 and HNO. At low temperatures, in both cases significant association of NO2 into N204 was expected to occur and the effects ofthis were taken into account.
Corrections for any NO2 present in the samples were performed by the subtraction of scaled NO2 reference spectra. Scaling ofthese reference spectra was undertaken using the characteristic VibratiOnal structure ofNO2 in the region above 320nm. The process is displayed in Figure 1 . Both sample and reference spectra were smoothed in the region ofthe VibratiOnal StrUcture, and then the smoothed data were subtracted from the measured spectra. The resulting 'differenfiul spectrwn' of the NO2 reference was fitted to the differential ofthe N205 spectrum using a linear least squares technique. The scaling factor was recorded and used to scale the reference NO2 spectrum. The scaled version was then subtracted from the N205 original. The effect ofN2O4 was taken into account in different ways. In the series ofexperiinents on HNO3, reference NO2 spectra were measured at pressures as close as possible to that of the contaminants in the HNO3 spectra. The assumption being that the quantities ofN2O4 were equal in both samples. In the experiments on N205 the concentration ofN2O4 was calculated at each temperature using.the known equilibrium constant for the seifreaction ofNO2 and the deduced NO2 amount. Account was then taken for N204 using this N204 amount and seperately measured N204 cross-sections.
For the series ofexperiments on N205, the HNO3 impurities constituted the major source oferror in measurement ofthe N205 concentration. The relative amounts ofN2O5 and HNO3 were measured using their characteristic infrared absorption bands. Calibrations ofthe HNO absolute band strengths for the 1380-l28Ocnr1 and 930-M0cm bands were performed and the concenfration ofHNO3 in N205 mixtures was then calculated by the scaled subtraction ofthe HNO infrared reference spectra. The spectral stripping ofthe HNO allowed the concentration of N205 to be calculated and the absolute band strengths for the l280-I2l0cm and 780-7l0cm N205 features to be measured. Confidence in the validity ofthis technique was gained from the excellent agreement between our measured absolute infrared band strengths for the N205 and HNO3 bands with preions measurements. Subtraction of the contribution of HNO3 to the ultraviolet absorbance was then performed using the values of HNO3 cross-section recommended in this paper.
3.Results.
Measurements ofHNO3 absorption spectra from 200-344nm were made in the temperature range 238-297K. N205 absorption spectra were measured in the region 230-450nm at temperatures of 295,273,253,233K.
At each temperature, spectra were measured at several sample pressures up to the maximum vapour pressure of the sample at that temperature thus avoiding condensation within the cell. This limited the maximum pressures used in both cases to about I torr at the lowest temperatures and consequently reduced the accuracy oflow temperature measurements, especially in the long wavelength tails ofthe absorptions where cross-sections are particularly low. Cross-sections below 220nm could not be determined accurately due to the high attenuation oflight at these wavelengths by the optical fibres. In each region, data from at least five experiments were averaged to give absorption cross-sections at 0.l5nm intervals. After the contribution of impurities to the spectra had been removed, the Beer-Lambert law was found to be obeyed by HNO3 and N205 , providing the absorbance was less than unity and this is illustrated by the data in Figure 2 .
Errors (expressed as one standard deviation) in HNO3 cross-sections measured at room temperature were approximately 2.5% for wavelengths below 300nm, increasing to approximately 95% near the limit of detectable absorption at about 335nm. At the lowest temperature used, HNO3 cross-sections had errors of 6.5% at 300nm increasing to 95% at 320nm. Errors in values of cross-sections for N205 were calculated from the combined effect of systematic and random errors where random errorsare calculated as 95% confidence limits. The errors are 1 1% for the region 260-360nm, 12% for 360-380nm, and 35°i for380-41 Onm.
Values for the cross-sections of HNO3 troomtemperature and 239K are displayed in Table I . Table 2 shows absorption cross-sections for N205 at room temperature and 273K. Cross-section values at these temperatures taken from the work of Yao eta!.6 are also shown. Figures 3 and 4 show plots oflog10(Absorption cross-section) versus wavelength for HINO3 and N205 at different temperature. The temperature dependence of these cross-sections is clear and is most marked at the longest wavelengths. 
Comparison with previous work
The HNO3 absorption cross-sections measured at 294K in the present work are compared with previously reported values in Figure 5 . Below 300nm there is very good agreement with those values reported by Molina and Molma5, Biaume2 and Graham and Johnston7. Table 3 shows a comparison ofthe various values in the long wavelength tail ofthe spectrum. The uncertainties in this region are due to the difficulties involved in correction for the absorbance of NO2. The present technique provides more spectral information for making this correction, but our samples contained more NO2 than those measured by Biaume2. Molina and Molina5 did not report details of any corrections made for NO2. The consistency ofthe cross-sections determined here with differing amounts ofNO2 lends credence to the values we report, which are slightly higher above 3lOiun than those recommended by both NASA and IUPAC evaluations.
Cross-sections for N2O measured at 295K are displayed in Figure 6 along with the previous measurements of Jones and Wulf and Yao et al.. There is very good agreement between the present values and those ofYao et al. 6 whose measurements only extend to 380nm. Yao et al.6used NO2 reference spectra recorded on a different instrument to that which was used for N205 work and the different instrument functions gave rise to a wide scatter in the results above 340nm where spectral subtraction of NO2 must be performed. In a second set of experiments they measured the change in absorbance with time ofa sample ofN2O5 and attributed this change to the thermal decomposition of N205:
assuming that any HNO impurity was in steady stare. in the long wavelength region, the change in absorbance due to N205 iS very small and quite difficult to measure This, again, gives rise to an uncertainty in the measurements at these wavelengths. The values ofJones and Wu1f are lower than those measured here this is probably due to the presence of HNO3 rn the samples which was not accounted for.
Temperature Dependence
The shape ofthe HNO spectrum suggests that two or more electronic transitions are involved with overlapping abson bands. The best fit to the temperature dependence ofthe cross-sections measured here was obtained by plotting 1og(cross-secfion) versus temperature and by performing linear least squares analysis to derive a linear fit which is an adequate representation ofthe data. This function allowed the extrapolation of absorption cross-sections to any chosen temperature. The temperature dependence coefficients measured here were then combined with the average of the room temperature values quoted here and in refs [2, 5, 7) to obtain a new recommendation for the room temperature cross-sections and a function for calculation of cross-sections at atmospheric temperatures. These recommended values are shown in Table 4 . Cross-sections at any temperature can then be calculated from the following expressioit Table 2 and the agreement at both temperatures with the recommended valu&'4 is good. Analysis ofresults at the lowest temperatures which require correction for the presence ofN2O4 has yet to be performed.
Implications for atmospheric photolysis rates
Atmospheric photolysis rates for HNO3 were computed using the cross-section values recommended in Table 4 . The model of Lary10 to calculate photolysis rates for a range oftemperatures, altitudes and solar zenith angles (SZA). The results show that photolysis rates decrease monotonically with temperature. The decrease ofphotolysis rate with temperature is most prominent at low altitudes and high SZA's. This is due to the strong absorption of sunlight by ozone at wavelengths below 290nm. The remiining light intensity available for photolysis is therefore at higher wavelengths where the HN03 cross-section is at its most temperature dependent. At low altitudes and high SZA's the optical path ofthe sunlight is greatest and therefore the attenuation of shoit wavelength radiation is even higher. This explains the larger temperature dependence ofthe photolysis rate at high SZA's and low latitudes.
The photolysis rates calculated for the values of cross-sections recommended here are lower than those using the previous recommendations.3 '4 The implications are that NO2 is stored for longer in the HNO reservoir than previously thought, thus slowing the recovery rate of air parcels which have been exposed to PSC's and allowing for greater ozone destruction by the established mechanisms involving ClO and BrO.1
Future work
Analysis ofthe low temperature data for N205 will allow photolysis rates to be calculated in a similar way. Any likely effects on our understanding ofthe nitrogen partitioning ofthe atmosphere will then be considered. 
